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Abstract 
 Recently the tiger limia (Limia sp.) was found to be a separate species from the 
very similar looking humpback limia (Limia nigrofasciata), even though they had been 
considered to be the same species at first because of their very similar appearance and 
occurrence in the same lake, Lake Miragoane, Haiti.  These closely related species have 
evolved opposing mating styles.  While humpback limia males perform courtship 
displays to acquire a mate, tiger limia males obtain mates through coercion (forceful 
mating without female consent).  In this study, I hypothesized that, because courtship 
requires a greater energy investment than coercion, humpback limia males would allocate 
more energy to protecting their mate than tiger limia.  Additionally, I investigated if 
aggression was related to size in male-male competition.  I found that humpback limia 
react more aggressively to intruder males than tiger limia, suggesting that humpback 
limia do indeed allocate more energy to defending their mates than tiger limia, as 
predicted on the basis of the opposing mating tactics utilized by the two species.  When 
size was compared to aggression, less significant results were found. 
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 4 
Introduction 
The process of sexual selection, defined by Darwin as competition of one sex for 
the opposite sex or the choice of one sex for the other (Trivers, 1972) has received much 
attention in the area of evolutionary biology.  Selection plays a major role in speciation 
(species formation), population structure (subdivisions of a population), male 
ornamentation (desirable characteristics in males), behavior, mating systems (group 
structure based on sexual behavior), and more (Hayashi et al., 2006, Andersson, 1994).  
Selection can be influenced by a multitude of factors, including female choice, male-to-
male competition, male choice, and mating style (Andersson, 1994). In this study, I 
examined the role of sexual selection in two closely related fish species, humpback limia 
(Limia nigrofasciata) and tiger limia (Limia sp.-as of yet not fully described) by 
comparing the allocation of energy by males when guarding a mate.  These two species 
possess opposing mating styles, i.e., courtship versus coercion (for details, see 
background section below).  These species naturally occur in the same environment 
(Lake Miragoane, Haiti), but have evolved completely different behaviors. 
The purpose of the present study is to compare the mating behavior of humpback 
limia with the recently discovered tiger limia. My hypothesis is that with established 
mates, humpback limia will react more aggressively towards an intruder male than tiger 
limia due to the humpback’s higher energy investment in courting a female.  My null 
hypothesis is that there will be no difference in reactions between the two species. I also 
examined if the comparative size of the intruder will affect the level of aggression.   
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Background 
 
 Sexual selection occurs almost everywhere in nature.  A fit mate (that will 
produce many healthy offspring) is highly desired.  As defined by Darwin, sexual 
selection is “competition within one sex for members of the opposite sex and differential 
choice by members of one sex for members of the opposite sex” (Trivers, 1972).  Put 
simply, sexual selection causes one sex prefers to choose members of the opposite sex 
based on their perceived reproductive abilities.  Additionally, sexual selection plays a 
larger role when competition over mates (usually males challenging one another over a 
female) occurs, which is amplified when there is a “shortage” of one sex.  This 
phenomenon can be relatively insignificant in monogamous societies, but becomes very 
apparent in polygamous societies (Emlen and Oring, 1977).  In accordance to this study, 
both species of fish (tiger and humpback limia) are polygamous livebearers with internal 
fertilization.  Sexual selection is also magnified when female choice is a major factor in 
the mate selection process, as is the case in the humpback limia (Houde, 1997). 
 Female choice plays an important role in many species, especially those engaging 
in courtship display to receive the female’s consent for mating. Courtship as defined by 
Farr (1984) is “the heterosexual communication system leading up to mating.” 
Extraordinary coloration, dancing, fighting other males, and other vigorous acts to win 
over a female (Trivers, 1972) are examples of courtship displays. These displays 
demonstrate to the female which male will contribute most to the fitness of their offspring 
(Farr, 1984).  In limia species that display courtship behavior, females will react to 
desirable males with acceptance postures or even simply staying still in the water to ease 
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the process of mating (Farr 1984).  Mate choice (usually by the female) is the 
determining factor for reproduction within species that use courtship displays. 
 The female faces an imperative decision when determining which male to mate 
with, even in a polygamous society.  Life consists of choices that influence whether an 
individual’s genes will be passed on to the next generation (Galef and White, 2000).  
Mate choice, as defined by Jennions and Petrie (1997), is “the sensory and behavioral 
properties that influence the propensity of individuals to mate with certain phenotypes.”  
Fitness and reproductive success of an individual are determined by the number of 
offspring and thus the ability to pass on their genes (Barbosa and Magurran, 2006): the 
more young produced the greater the likelihood that some offspring will survive to 
adulthood.  During sexual selection, the female chooses the male with the best perceived 
fitness (Barbosa and Magurran, 2006).  The male can display his fitness through 
courtship displays, that are unique to each species (no two species share a courtship 
display), and evolutionary history creates a sensory bias towards these displays (Galef 
and White, 2000).  Yet, there are some limia species that do not utilize a courtship 
display (Farr, 1984), and sexual selection, along with mate choice, play a lesser role. 
 Another method of reproduction practiced by limia species is coercion.  Coercion 
occurs when the female is not cooperative while mating, and mating is achieved via 
thrusting of the intromittent organ (the gonopodium) toward the genital pore of the 
unaware females (Bisazza et al., 2001).  While in this situation, female choice has 
virtually been abolished, the coercive behaviors of the fish can still shape the mating 
systems of those species (Bisazza et al., 2001). Within coercive species, male-to-male 
competition occurs when males attempt to achieve physical access to females rather than 
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struggle for female attention (Price and Rodd, 2005).  Sneak copulation (a quick thrust of 
the gonopodium without the consent of the female) is the action most observed during 
coercion (Brooks and Caithness, 1999).   
 Male-to-male competition plays a major role in both courtship and coercion. 
Male-to-male competition is most prominent when the male population is higher than the 
female population (Jirotkul, 1999a, and Jirotkul, 1999b), causing increased male 
aggression due to the greater number of competitors (Jirotkul, 1999b).  Another study by 
Price and Rodd (2005) also came to the conclusion that more aggressive males typically 
attain more mating opportunities than less aggressive males.  Male-to-male competition 
may give the victorious male better physical access to the female in a coercion-based 
system, but in a courtship situation male-to-male competition plays a different role.  
When a male acquires a female through a courtship display, but then also wins in male-
male competition, it better solidifies the female’s decision because winning is also a sign 
of elevated fitness (Price and Rodd, 2005). It has been found that fish in the family 
Poeciliidae have been considered exemplary models for studying sexual selection (Houde 
1997), thus with the humpback limia’s courtship display and the tiger limia’s coercion, 
they provide a comparative model for sexual selection. 
 The humpback limia’s elaborate courtship behavior makes it an ideal species to 
study the effects of courtship on energy allocation.  Humpback limia are endemic to Lake 
Miragoane, Haiti, and are sexually dimorphic (female and male are physically different) 
(Munger et al., 2004) (Figure 11).  The male humpback limia grows a pronounced hump 
on his back throughout its lifetime, has an enlarged and peppered dorsal fin, has vertical 
stripes on its sides, and are more intensely pigmented than the females (Farr, 1984).   The 
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female humpback limia are duller and relatively more streamlined (Farr, 1984).  
Courtship displays of humpback limia males include becoming completely still (with fins 
flared) in front of the female, nibbling, and some gonopodial thrusting (Houde, 1997).  If 
the female approves of that specific male she will stay completely still in the water and 
even drift towards the male, at which point the male can copulate (Farr 1984).  The 
alternative mating strategy, coercion, is shown by the closely related and sympatric tiger 
limia (Montaño, unpublished data).   
 In the present study, a species closely related to humpback limia, the tiger limia 
was used to demonstrate coercive mating styles.  Tiger limias are also endemic to Lake 
Miragoane, Haiti, and live in similar areas of the lake as the humpback limia.  Previously, 
the Cruz lab at the University of Colorado at Boulder found that male tiger limias show 
no courtship display and mate only through coercion (Montaño, unpublished data).  
Currently, little information is available about tiger limia besides its mating style because 
it was only recently discovered to be a different species than humpback limia (because 
they look so similar).  However, from observations, the tiger limia are streamlined, have 
similar stripes as the humpback limia, and are not sexually dimorphic (Figure 12).  
Additionally, their coercive tactics are aggressive when they forcefully thrust their 
gonopodium at the females’ gonopores. 
 In this study, I will be comparing the affect of mating style on energy allocation 
by the males using the humpback limia and tiger limia species. 
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Materials and Methods 
 
 
The two populations of fish used in this study were the tiger limia and humpback limia, 
both endemic to Lake Miragoane, Haiti. The tiger limia were collected in Haiti in 2001, 
while the humpback limia were from an aquarium bred stock.  Four groups of thirty tiger 
limia females, thirty tiger limia males, twenty-five humpback limia males, and twenty-
five humpback females were housed in eighty-liter tanks each.  Fish were kept in 
isolation by sex for three months to verify that the females were not gravid (carrying 
young) and to ensure that both sexes would be more receptive to sexual encounters.  
After the three-month period, 3 males and 3 females of each species were chosen at 
random to be established pairs in this study. Pairs (one male and one female of the same 
species) were placed and kept in six forty-liter test tanks for an acclimation period of two 
weeks, and remained there for the duration of the experiment. The notion to run the tests 
in an open-aquarium situation such as this was influenced by Houde (1997) because it is 
the most realistic way to reenact natural social situations.  
 Individuals of each species were measured for size (from snout to end of tail) to 
confirm that the males and females used in this study were of average size for their 
populations in the lab.  The sizes of the established males in this experiment were 
42.25mm, 43.40mm, and 52.20mm for humpbacks, and 36.65mm, 35.55mm, and 
37.75mm for the tiger limia.  This size was used to decide which males to use for testing 
reactions to smaller, same size, and larger intruder males. Intruder males for the 
experiments were taken from eighty-liter holding tanks at random using the size reference 
to the established male.  On average, smaller intruder males were 4-6mm smaller than the 
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established male, same size intruder males were within 1-2mm of the established male, 
and larger males were between 4-6mm larger than the established male. 
 Intruder males were added to the tanks housing established pairs.  Each 
observation was 5-min long and began at the point of recognition (when the established 
male took notice of the intruder).  During this observation period, I took note of actions 
of each male (intruder and established) for each species (Figure 1). Actions recorded for 
the humpback limia were flee, chase, female and male genital sniff (sniffing a male to 
intimidate or sniffing a female to assess gravidity), female and male gonopodial thrust 
(thrusting the male sexual organ towards another fish for intimidation or mating), fins up, 
fins down, courtship display (directed towards the female in which the male fully extends 
his fins and stays completely still to show the female his fitness) (Houde, 1997), male 
intimidation (male extends fins in front of the other male usually by getting between that 
male and the female) (Houde, 1997), circling (swimming around the other male), and 
orient to female.  Fewer behaviors were recorded for tiger limia than the humpback limia 
because they lack courtship display behaviors (Montaño, unpublished data).  The 
behaviors recorded for the tiger limia include: flee, chase, female and male genital sniff, 
female and male gonopodial thrust, and orient to female.  Experiments were repeated 12 
times per size (smaller, same, and large) for every couple in each species, for a total of 72 
trials. 
 Once these data were documented on ethograms (Figure 1), I totaled observed 
behaviors of each species and analyzed data via R.  
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Results 
Male-Male Competition 
 
The humpback limia displayed a higher activity rate (based on number of 
behaviors (Figure 1)) than the tiger limia (Figure 2). This is proved through the 
significant difference in total behaviors observed between the tiger limia and the 
humpback limia.  A Welch’s t-test was run on the data for total number of behaviors and 
the p-value derived from this test was highly significant at 9.57e-14 (Figure 3).  All of the 
tiger limia observations showed significantly less behaviors (Figure 1) than the 
humpback limia observations. 
Additionally, the intruders of each species displayed varying activity levels.  
Aggressive activities were totaled and averaged for both species.  The humpback limia 
intruders demonstrated a significantly higher average number of aggressive behaviors 
than the tiger limia intruders.  A Welch’s t-test on these data was significant with a p-
value of 2.961e-7, indicating a reliable difference in the data (Figure 4). 
The aggressive behaviors shown in the established male versus the intruder male 
were also compared.  In both the humpback and tiger limia the established male 
displayed more aggressive behaviors than the intruder male.  Through a Welch’s t-test 
reliable differences were found.  A significant p-value of 1.307e-11 was found for the 
difference between the established humpback limia and intruder males (Figure 5). 
Another significant p-value of 0.001 was found for the same comparison between the 
intruder and established males in the tiger limia (Figure 6).  Therefore, in both the tiger 
and humpback limia the established male illustrated a significantly higher number of 
aggressive behaviors than the intruder males. 
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Aggressive Behavior Based on Size 
 
Conversely, the results from the aggressiveness based on size tests showed less 
significant results.  I performed an ANOVA to compare three different sized intruder 
males in both species.  In the humpback limia no differences were found in the levels of 
aggression in all three sizes (Figure 7).  The test resulted in a p-value of 0.9687, which is 
highly insignificant.  Furthermore, the tiger limia showed a slight trend hinting that the 
smaller intruder males showed more aggression than the same-size or larger males, but 
with a p-value of 0.417, these results are unreliable (Figure 8) 
Finally, the submissive behaviors of the varying sized intruder males were also 
compared. An ANOVA was run on the number of submissive behaviors in both the 
humpback and tiger limia to discover if there were differences between the sizes.  The 
humpback limia test resulted in a distribution showing that the larger intruder male 
showed considerably less submissive behaviors than the same-size or smaller intruder 
males.  Nevertheless, this test also resulted in a non-significant p-value of 0.08447, which 
is slightly significant, but not enough to accept the different aggression levels between 
the sizes in the humpback limia.  Submissive behaviors in the varying sized tiger limia 
showed minute differences in submission, however the results were not significant with a 
p-value of 0.5891.  Therefore, the resulting data from the tiger limia test shows no 
reliable difference in submission when comparing the smaller, same-size, and larger 
intruder males. 
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Discussion 
 
Male-male Competition 
 The findings of the present study support my hypothesis that humpback limia 
allocate more time to either defending a female or attempting to mate with another’s 
female than tiger limia by showing significantly more aggressive behaviors in humpback 
limia than in tiger limia. The high level of male-male competition in humpback limia is 
maybe due to a higher allocation of energy when a humpback male courts a female. It has 
been suggested that “no signal can contain useful information unless it entails some cost 
to the signaler” (Grafen, 1990), and tiger limia that spend less time and energy to mate 
with a female, may thus allocate less energy to trying to steal or defend a mate.  
These findings relate to a broader concept that species with courtship displays 
show a higher concern for keeping a mate than those that force copulation (coercion) 
(Bisazza et al., 2001).  It has even been found that species using courtship displays will 
overcome their natural instincts of survival to ensure mating success (Leese et al., 2010). 
Males that must expend more energy to successfully mate (through courtship displays) 
will exhibit a higher concern to protect their female after mating because sexual selection 
pressures (reproduction) outweigh natural selection pressures (survival).  In contrast, 
males using coercion to successfully mate use little to none of their energy to force 
copulation.  Therefore, these males will not be concerned about “their” female because 
they have not allocated much of their time to reproduce.  Coercive males are concerned 
with mating as many times as possible, and without high-energy costs to them; the 
concern to “keep” their female is low (Bisazza et al., 2001).   The equation is this simple: 
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more energy utilized to acquire a mate equals a greater concern to keep that mate (Leese 
et al., 2010).   
In addition to the latter results, the humpback limia intruders demonstrated more 
aggression than the tiger limia intruders (Figure 4).  My hypothesis for this finding is that 
humpback limia intruders are more apt to expel energy to court the female because they 
usually allocate energy to courting a female in the first place.  The sexual dimorphism of 
humpback limia suggests that female choice is crucial to mating; therefore the courtship 
display to win over a female is necessary.  In a study by Baeza and Asorey (2012), for 
example, found that in sexually dimorphic societies male-male competition for partners 
was recurrent.  This could be an explanation for higher aggression in the humpback limia.  
Moreover, the energy cost of a display is found to be quite high.  However, it is not only 
the energy cost of the display itself but also the predation risks of the obvious display.  
These costs in turn show the female the quality of the male because males of high caliber 
should be capable of supporting these display costs (Chappell et al, 1995).   
Humpback males are apparently interested in displaying their fitness to the female 
not only through a courtship display, but also through showing their strength in 
comparison to another male. The male’s ability to compete with another male is a trade-
off with predation protection, parasite resistance, and even stress tolerance, thus if a male 
wins the battle, it proves that he is fit enough for that particular female along with being 
able to sacrifice his well being for her acceptance (Ovarnström et al., 2012). Tiger limia, 
on the other hand, do not usually exert much energy to court a female, and instead 
attempt copulation without display.  Consequently, tiger limia do not need to display their 
fitness to a female by fighting off another male; they just need to perform a gonopodial 
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thrust to mate (Bisazza et al., 2001).  The overall conclusion is that fitness displays are 
associated with an investment of more energy to attaining successful mating than amting 
based on coercion.  
Furthermore, I found that in humpback limia species the established male would 
protect his female aggressively when a new male is introduced (Figure 5).  This is due to 
the same logic as above; the male allocated much of his time and energy to court, and 
potentially even successfully mate with, the female.  Hence, he will assure that he is 
passing on his genes by fending off any intruder. Moreover, heightened aggression is 
evident when a female is present. As seen in the leaf-footed cactus bug (Narnia 
femorata), the presence of the female causes the males to act more aggressively towards 
one another and ensure their mating success (Procter et al., 2012).  In addition to the 
latter, dominance plays an important role in keeping the female, especially when a new 
male is introduced.  In a study on cichlid fish by Desjardins et al. (2012), it has been 
found that when a dominant male is present, the subordinate males will retreat (less 
courtship displays and less aggression).  However, when dominance is not established, 
both males will equally attempt to court and compete for a female.  These acts driven by 
sexual selection are evidence for the humpback limia’s heightened aggression. 
The established male was more aggressive than the intruder male in the tiger limia 
as well (Figure 6).  I assume that this is due to the fact that although the tiger limia 
practice coercion, a marginal amount of energy is spent attempting to mate with the 
female, or maybe related to male-male competition. Even in coercion situations, female 
choice plays a small role in the mating success of males, due to avoidance tactics such as 
sperm competition and aversion (by the females) (Bisazza et al., 2001).  In other groups, 
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waterfowl for example, Mckinney and Evarts (1997) found that males who have 
performed forced copulation will show some signs of defending the females against other 
males looking to coerce with them.  Therefore, even with such a small amount of energy 
spent, the female is still a commodity of the male tiger limia’s efforts, causing him to 
attempt to defend her, but not with as much vigor as the humpback limia. 
 I found that humpback limia was the most aggressive when defending or 
attempting to court another male’s female as opposed to tiger limia, who showed little 
interest in the intruder male.  These results suggest that the hupback’s courtship display is 
enough of a cost to the male that “his female” is then a priority to ensure that his genes 
will be passed on (Chappell et al, 1995, Ovarnström et al., 2012).  This results in a 
heightened defense by the humpbacks against intruders or other males looking to court 
his female.  Presumably due to their coercion mating tactics, tiger limias do not illustrate 
much interest in defending “their females” because in nature they are attuned to mating 
with as many females as possible by forcing copulation (Bisazza et al., 2001). 
Aggressive Behavior Based on Size  
Moreover, I observed the behaviors of different sized intruder males.  I 
hypothesized that in both species the larger male would be the most aggressive to display 
his dominance, but this was not the case.  Without significant results I could not conclude 
any information from the humpback limia because the differences between the varying 
sizes were highly insignificant (Figure 7). However, nearly significant results show that 
the larger male displayed very little submissive behaviors as compared to the other sized 
intruders (Figure 9).  I assume the larger male intruders showed little submission because 
the smaller males did not intimidate them, and submission would show signs of lower 
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fitness to the female.  I deduced that this was due to the social context. Desjardins et al. 
(2012) found that in cichlid fish (a species with a courtship display), aggressive and 
courtship behaviors depend highly on what males were present.  In the presence of a 
dominant male (usually the larger male), the subordinate males will not display or attack 
as often as when a dominant male is not present.  In the case of the humpback limia, the 
larger humpback limia intruder males (the dominant males) did not retreat, and portrayed 
their fitness quite obviously to the female of interest by using their size, and not 
aggression. 
 Contrasting these data with the tiger limia intruder size-based aggressiveness, the 
trend in the tiger limia demonstrated that the smaller male intruder showed the most 
aggression (Figure 9).  Nevertheless, these data were not significant enough to rely on.  
Yet if I had to predict why the smaller male showed minutely higher aggression (I 
assume this situation would arise more often in nature when more males are present), my 
assumption would be that the tiger limia must be aggressive to coerce the female. The 
smaller males would have to be the most aggressive to compete with the larger males in 
the population to have a chance to reproduce.  This is because the physical ability to 
thrust the intromittent organ at the female’s genital pore can only be achieved with a high 
level of aggression and precision (Bisazza et al., 2001).  Therefore, when competing with 
many other males (potentially larger) aggression becomes an advantageous characteristic.  
This is due to the fact that it gives the smaller males a reproductive and social advantage 
to achieve slight dominance (Desjardins et al., 2012).  Therefore, the smaller males 
“battle” to pass on their genes in the tiger limia population by displaying heightened 
aggression.  The submissive behaviors of each size in the tiger limia showed greatly 
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insignificant results, and for that reason I could not discern reliable evidence that any size 
was more submissive as compared to the others. 
  
Conclusion and Future Research 
 In conclusion, I was able to verify my hypothesis that established mates of 
humpback limia would react more aggressively towards an intruder male than established 
mates of tiger limia, due to the humpback’s higher energy investment in courting a 
female.  My null hypothesis that there will be no difference in reactions between the two 
species can also be rejected. These results provide further evidence that the mating styles 
of these fish show some relationship to their time allocation. 
Future research should include an observation of how the number of males 
present affects the male-male competition and female choice.  I predict that when more 
males are present, a hierarchy would become established and the instances of male-male 
competition would be lower, but that there would be higher rates of sneak copulations 
(forcing copulation with no display).  Additionally, an inquiry into a dominance hierarchy 
based on size in both species would be beneficial to better understand the mating systems 
in these two closely related species.   
 The benefits to understanding the mating systems in these species are numerous.  
A few examples include an animal behavior approach, a conservation approach, and even 
a human approach.  In the realm of animal behavior it would be interesting to use these 
closely related species as a model species for the comparison of coercive mating styles 
versus courtship mating styles (Farr, 1984).  Also, with not much information known 
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about the newly discovered tiger limia species, any information on its behaviors is 
beneficial to the basic knowledge of the species. 
 From a conservation standpoint, these species live in Lake Miragoane, Haiti, an 
endorheic lake (one with no surface outlet), that collects everything that falls, washes, or 
is dumped into it (MacLennan, 2008).  Trees once surrounded and protected the lake, but 
charcoal companies cleared all the surrounding trees, which resulted in higher run-off 
(MacLennan, 2008). Lake Miragoane is also used as a dump for human waste, which puts 
these fish’s health in further danger (MacLennan, 2008). However, the effects of 
deforestation impact all of the lake’s organisms. 
 The villages surrounding Lake Miragoane are dependent on this lake as their 
primary water source. They use the lake water for everything from drinking to cooking to 
laundry.  Thus, the lake is essential for their survival.  However, the deforestation 
surrounding the lake has lead to an increase in run-off and a rise in bacteria levels, 
thereby the quality of the water these villagers utilize has significantly decreased 
(MacLennan, 2008). Studies of the behaviors of these fish, and potentially the observed 
“normal” behaviors of the fish in laboratory-reared environments can determine if the 
fish in their natural environment are behaving normally.  If the fish in Lake Miragoane 
begin to show signs of “abnormal” behavior (as compared to laboratory studies), then we 
can take action to find the problems within the lake.  
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Figures and Tables 
 
Figure 1: 
 
Humpback limia Behaviors Intruder Established 
Flee   
Chase*    
Female Genital Sniff*   
Male Genital Sniff*   
Female Gonopodial Thrust*   
Male Gonopodial Thrust*   
Fins Up*   
Fins Down   
Display Towards Female*   
Intimidate Male*   
Circle*   
Orient To Female*   
 
Tiger limia Behaviors Intruder Established 
Flee   
Chase*   
Female Genital Sniff*   
Male Genital Sniff*   
Female Gonopodial Thrust*   
Male Gonopodial Thrust*   
Fins Up*   
Circle*   
Orient To Female*   
 
Figure 1: Ethograms for the respective fish species (humpback limia and tiger limia).  
These tables show the behaviors observed in this experiment and an example of a data 
collection sheet.  The “*” indicates an aggressive behavior (an action used to display 
dominance, attack and intruder, or show establishment). 
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Figure 2: Total observed behaviors in both the tiger and humpback limia species.   
 
 
 
Figure 3: Average total behaviors of the tiger and humpback limia.  On average, the tiger 
limia were much less active than the humpback limia. (p-value= 9.57e-14, df = 577.876). 
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Figure 3: Average aggressive behaviors of the intruders in each species (tiger limia and 
humpback limia).  This displays the amount of activity the intruder male shows when 
competing with the established male or when trying to court the female. (p-value= 
2.961e-7, df = 540.23).  
 
 
 
Figure 5: Average aggressive behaviors observed in the intruder and established 
humpback limia males. This displays that the established male shows a distinctly higher 
number of aggressive actions than the intruder male on average. (p-value= 1.307e-11, df= 
503.623)  
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Figure 6: Average number of aggressive behaviors displayed by the intruder and 
established tiger limia males. On average the established tiger limia male showed 
significantly more aggressive behaviors than the intruder tiger limia male. (p-value= 
0.001, df=306.637) 
 
 
 
 
Figure 7: Average aggressive behaviors in each size of the humpback intruder males.  
Virtually no difference is shown between the sizes. (p-value 0.9687, df=33). 
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Figure 8: Average aggressive behaviors between the differing intruder sizes in the tiger 
limia. The smaller male intruder shows the highest average, but this is lacking significant 
results with a p-value of 0.417 (df=33). 
 
 
 
Figure 9: Average submissive behaviors observed in the humpback limia intruders based 
on size.  The trend shows that the larger male intruder displayed the least amount of 
submissive behaviors (p-value 0.08447, df=33). 
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Figure 10: Average submissive behaviors observed in the tiger limia intruders based on 
size. The distribution shows that the same-size male showed the least amount of 
submissive behaviors (p-value 0.5891, df=33). 
 
 
 
 
Figure 11: The male (left) and female (right) humpback limia. 
 
 
 
Figure 12: The male (left) and female (right) tiger limia. 
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